Abstract. The hadronic distributions in Q2, y, z, Pr and q5 in deep inelastic muon proton scattering have been studied to search for higher twist effects in the hadronic final state. The expected effects are not observed.
Introduction
It has been suggested by Berger [1] that the variables Q2, y, z, Pr and q5 in the production of hadrons in deep inelastic scattering will be correlated -E' is the energy of the virtual photon in the laboratory frame, E is the energy of the incident muon and E' is that of the scattered muon; _Q2 is the four momentum transfer squared from the incident to scattered muon; Z=Eh/V is the fraction of the energy of the virtual photon carried by the observed hadron of energy Eh, Pr is the transverse momentum of the hadron relative to the virtual photon direction and ~b is the azimuthal angle of the hadron relative to the plane containing the incident and scattered muon. Berger predicts [11 that at fixed Q2 the correlation will take the form
GqN(x ) are the quark distributions in the nuwhere cleon. This prediction comes from arguments concerning the constituent binding in the hadronic wave functions and shows the 1/Q 2 dependence typical of higher twist contributions. The term in (1) proportional to (l+(1-y)a)/2 is a standard deep inelastic scattering term. The other terms inside the bracket are two new contributions from higher twist [1] . These terms lead to correlations between the muon variables y, Q2 and the hadron variables z, pr and qS. The term in cos~b leads to asymmetries in the azimuthal angle and both higher twist terms should produce a rise of (p~-) at large z.
Searches for such correlations in the final state hadrons produced in deep inelastic neutrino scattering [2] gave contradictory results. Contradictory results have also been presented from studies of the Drell-Yan process [3] . In this paper a search for these effects in deep inelastic muon proton scattering experiments is reported. The Q2, y, z, P~r and ~b distributions were studied and the correlations predicted by (1) investigated. The y dependence was studied by comparing data taken at three different incident muon energies.
Data Analysis
The data were taken in the M2 muon beam at the CERN SPS. The scattered muon and the fast forward hadrons (Eh>3 GeV) from deep inelastic scattering were detected and measured in the EMC for- ward spectrometer further details of which are published elsewhere [4] . Data were taken in different experimental runs with muons of energy 120, 200 and 280 GeV incident on a 6 meter long liquid hydrogen target. Events were required to satisfy the trigger, have a vertex inside the target and to lie within the cuts shown in Table 1 . A total of 143,000 events remained after selection. These cuts were chosen to avoid regions where smearing due to resolution and radiative effects were large and also where the acceptance was small or varied rapidly. The track selection criteria for hadrons were identical to those described previously [51. All hadrons were treated as pions which are dominant in the forward region, in this region misassignment of the particle mass introduces little error in z. The acceptance of the apparatus was calculated from a complete Monte Carlo simulation. Deep inelastic scattering events were generated using the Lund String Model for the fragmentation process [71. Radiative effects due to QED processes and also secondary interactions of the produced hadrons in the target material were fully simulated. The scattered muon and produced hadrons were tracked through the spectrometer taking into account the effects of multiple Coulomb scattering. The effects of chamber and hodoscope inefficiencies and their resolutions were simulated and the computed coordinates of each chamber measurement passed through the reconstruction program chain which is described elsewhere [6] . In this manner the losses due to imperfections in the off line analysis procedures were corrected 9
Comparison of the results from the different data sets indicated that the relative normalisation uncertainty was 5 %. This represents the systematic error in the data.
Results
The data are compared with the predictions of (1). In deriving (1) all quark masses and the effects of smearing due to the intrinsic k r of the struck quark were ignored [1] . To test the sensitivity to these assumptions the theoretical curves were calculated in
